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Abstract
A laminar 24-contact silicon electrode was designed for acute extracellular neural recordings. The 7 mm long shaft of the probe
can be easily implanted in several brain areas of rodents and higher mammals without causing serious brain damage or bleeding.
The multielectrode provides high quality electrophysiological measurements including local field potential, multiple and single unit
activity recordings. Current source density calculation can be also obtained due to its equidistant contact spacing. The sensitivity of
the silicon probe and the signal-to-noise ratio of the recordings can be further increased by lowering the impedances of the electrode
either by using an electrochemical etching method or with depositing carbon nanotubes on the platinum recording sites.
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1. Probe design and fabrication
To better understand brain functions, simultaneous recording of the activities of large number of neurons is crucial.
Multielectrodes are used to analyze the communication and functional connectivity between neurons in different brain
areas at high spatial resolution. Silicon technology allows batch manufacturing of neural probes in a wide variety of
sizes and shapes with reproducible submicron precision. The demonstrated silicon multielectrode [1] was designed
to record wideband electrical activity from different brain regions (e.g. neocortex or hippocampus) of rats in acute
experiments.
The entire length of the probe is 12 mm. The electrode shaft, which can be inserted into the brain tissue, is 7 mm
long, 80-m-thick, and has a width of 280m. 24 square shaped platinum recording sites (with dimensions of 30m
x 30m) are exposed on the shaft with 100m site spacing. The distance between the tip of the probe and the middle
of the first Pt contact is 660m. The sites are electrically connected to the bonding pads via 4-m-wide conductive
paths. A printed circuit board used for packaging and holding the device was specifically designed for the probe. An
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conference organizers and published by Elsevier B.V. Open access under CC BY-NC-ND license.important novel feature of the probe that it can easily penetrate the meninges without breaking, bending or causing
serious bleeding or brain damage thanks to its rounded edges, mechanical properties and yacht bow like, sharp tip.
Another important feature of the probe that its tip and shaft profile was implemented using a novel wet etching technique.
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The shape and laminar structure of the silicon probe is defined by four masks, where the frontside masks define
he insulator, conductor and protective layers while the backside masks are used to define the shape and the tip of the
lectrode via wet chemical etching. Wet etching includes two anisotropic and one isotropic etching step.
. Experimental testing – Impedance reduction, neural recordings and signal analysis
The average site impedance of the electrodes measured at 1 kHz in Ringer’s lactate solution was 1067.36 ± 99.91 k.
he electrode impedance can be reduced significantly by increasing the effective surface of the platinum recording sites.
his was achieved by an electrochemical etching process, where +2 V direct current potential was applied through the
lectrode sites immersed in physiological saline. Using this procedure, the average impedance of the probe decreased
o an average of 659.04 ± 59.47 k. Another method to lower the impedance of the electrode sites is carbon nanotube
CNT) deposition. CNT coating has extremely large effective surface area, which decreases the impedance of the
t-contacts to an average of 44 ± 6.9 k. Other advantages of CNT coating is improved thermal noise and high charge
ransfer rates.
The slow oscillation (SO) is a brain rhythm with 0.5-2 Hz frequency, observed mainly in cortical and thalamic
egions during natural slow-wave sleep or under ketamine/xylazine (KX) anesthesia, where the membrane potential of
eurons alternate between a depolarized and a hyperpolarized states. The exact neural source of the SO is still unclear,
ut recent findings [2] suggest supragranular origin. To compare the human data to animal models, the multielectrode
as inserted into the primary somatosensory cortex of rats under KX anesthesia. The wideband electrical activity of the
ortex was recorded on 24 channels (gain: 1000; sampling rate: 20 kHz/channel; resolution: 16 bit) including local field
otential (LFP), multiple unit (MUA) and single unit activity measurements. During the depolarized state of the SO,
UA was strongest in layer V and diminished significantly in other layers. Strong inward synaptic/trans-membrane
urrents in supragranular and granular layers were present, surrounded by two current sources near the cortical surface
nd in infragranular layers. This pattern was reversed during the hyperpolarized states with no MUA. These results
uggest that the SO generator mechanism in rodents is partially similar to that of humans. Our results indicate that the
robe exhibits excellent electrophysiological performance.
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